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1. Introduction 
The discovery of iron-based superconductors has generated intensive debates on the 
superconducting mechanism. Among iron-based superconductors, FeSe [1] is recently 
attracting special attention because it exhibits significant Tc enhancement by lattice strain [2], 
Te substitution [3], and electron doping [4]. In this thesis, we report the evolution of 
electronic structure as a function of these key parameters studied by high-resolution ARPES 
and discuss the essential ingredients for high-Tc superconductivity. 
2. Strain effects on electronic structure 
First, we have performed high-
resolution ARPES on bulk FeSe (Tc = 8 
K; the structural transition temperature Ts 
= 90 K) and observed a reconstruction of 
the electronic structure across Ts, as 
represented by a sizable splitting of the 
hole-like bands at the M point [dashed 
curves in Fig. 1(b)]. The observed band 
splitting indicates the emergence of 
nematicity, which breaks the tetragonal 
rotational symmetry of the Fe plane. Next, 
we have investigated the electronic 
structure of tensile-strained FeSe films on 
SrTiO3 substrate (non-superconducting) 
and compressive-strained FeSe films on 
CaF2 substrate (Tc = 12 K), and found a suppression of nematicity with increasing 
compressive strain (Fig. 1). We also revealed that the hole-like band at the Γ point and the 
electron-like band at the M point shift upward and downward, respectively, with increasing 
compressive strain. These results suggest that the suppression of nematicity and the increase 
of carrier density trigger the Tc enhancement under compressive strain.  
3. Te-substitution effects 
We have investigated the electronic 
structure of FeSe0.8Te0.2 film on CaF2, which 
shows the highest Tc of 23 K among Te-
substituted FeSe. We found an increase of 
carrier density and a suppression of nematicity 
(Fig. 2) in comparison with pristine FeSe on 
CaF2. This result confirms the anti- and 
positive-correlation of Tc with nematicity and 
carrier density, respectively. By performing 
high-resolution ARPES below Tc, we have 
directly observed a superconducting-gap 
opening and found an enhanced pairing of the 
electron pocket. This observation suggests an 
important contribution of electron carriers for 
high-Tc superconductivity. 
Fig. 2 (a) Fermi surface of FeSe0.8Te0.2/CaF2. (b), (c) Near-EF 
ARPES intensity and extracted band dispersions, 
respectively, measured around the M point for 
FeSe0.8Te0.2/CaF2. (d) Same as (c) but for FeSe/CaF2. 	  
Fig. 1 (a)-(c) ARPES intensity plotted as a function of binding 
energy and wave vector at T = 30 K in FeSe film on SrTiO3, bulk 
FeSe, and FeSe film on CaF2, respectively. 	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4. Electron doping and high-Tc superconductivity 
We have succeeded in doping electrons 
to multilayer FeSe films on SrTiO3 by 
deposition of Li, K, and Cs atoms, and 
elucidated the doping-induced evolution of 
Fermi surface, nematicity, and 
superconductivity. We found that the Li, K, 
and Cs depositions commonly suppress 
nematicity and induce superconductivity 
with Tc above 40 K, as demonstrated by an 
energy-gap opening on an electron Fermi 
surface [Fig. 3(a)]. We also found that the 
deposition of Li atoms causes a lattice 
relaxation of the topmost FeSe layer, 
whereas tensile strain is applied in the K- 
and Cs-deposited FeSe. The unique lattice 
relaxation can be explained by the 
intercalation of Li atoms into the FeSe 
layers [Fig. 3(b)] due to a small atomic 
radius of Li. Since the Tc difference between the strained and relaxed FeSe is small [Fig. 3(c)], 
the electron doping plays a dominant role for high-Tc superconductivity around 40 K. It is also 
inferred that the electron doping and lattice strain are not sufficient to explain the high-Tc 
value of ~65 K in one monolayer FeSe. Therefore, there would be an additional contribution 
such as interfacial effects which appear only in the one monolayer film. 
4. Conclusion 
We have studied the electronic structure of strained, Te-substituted, and electron-doped 
FeSe using ARPES. In these systems, we commonly observed the anti- and positive-
correlation of Tc with nematicity and carrier density, respectively. We also found enhanced 
superconducting pairing on the electron pocket. Based on these observations, we conclude 
that the suppression of nematicity and the large carrier density, especially for electron carrier, 
play an important role for the realization of high-Tc superconductivity in FeSe. 
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Fig. 3: (a) Temperature dependence of symmetrized ARPES 
spectrum measured at kF of an electron Fermi surface of a 
Lithium-deposited 3 monolayer (ML) film. Triangles are a guide 
for the eyes to trace the peak positions. (b) Schematic views of 
the Li-deposited and K-deposited 3 ML films. (c) Comparison of 
the temperature dependence of the super-conducting-gap size 
(Δ) for Li-deposited and K-deposited [5] 3 ML films. 	  
